Blue-M1 is a blue pigment formed from xylose and glycine in the Maillard reaction. Previous work revealed that Blue-M1 scavenged hydroxyl radicals, and prevented the autoxidation of linoleic acid in vitro. We investigated the protective effect of Blue-M1 for 2,2 0 -azobis(2-amidino-propane)dihydrochloride (AAPH)-induced toxicity in COS-1 cells.
Various compounds are generated from the Maillard reaction of reducing sugars and amino acids.
1) Miura and Gomyo, 2) and Gomyo et al., 3) have found the formation of blue pigments in the Maillard reaction of D-xylose and glycine under anaerobic conditions. Hayase et al. 4) reported that a blue pigment was isolated and identified as 5-{[1,4-(dicarboxymethyl)-5-(2,3-dihydroxypropyl)-2-pyrrolo [3,2-b] pyrrolyl]methine}-1,4-(dicarboxymethyl)-2-(1,2,3-trihydroxypropyl)-pyrrolo [3,2-b] pyrrolylium, and named Blue-M1 (blue Maillard reaction intermediate-1). Shizuuchi and Hayase 5) reported that Blue-M1 scavenged for hydroxy radicals, and prevented the autoxidation of linoleic acid.
In this study, we assessed the protective effect of Blue-M1, as an antioxidant, against the 2,2 0 -azobis(2-amidino-propane)dihydrochloride (AAPH)-induced toxicity in fibroblast-like monkey kidney COS-1 cells.
Blue1-M1 was purified by anion exchange chromatography and size exclusion chromatography as previously described. 4) Briefly, D-xylose (1 M), glycine (0.1 M) and sodium hydrogen carbonate (0.1 M) were dissolved in 1 liter of aqueous 60% ethanol, and the solution adjusted to pH 8.1 with HCl. The reaction mixture was placed in a nitrogen atmosphere and incubated at 26.5 C for 2 days, and 2 C for 4 days in a dark place. The blue solution was concentrated to remove the ethanol under reduced pressure, and the solution diluted to 1 liter with water. Then, the solution was adjusted to pH 6.8, and was put on a DEAE-Sephadex A-25 column (25 cm Â 3.8 cm I.D., Amersham Bioscience), which had been equilibrated with 0.1 M Tris-HCl buffered solution (pH 6.8). The blue solution was eluted with a linear gradient of 0-0.4 M NaCl containing 0.1 M Tris-HCl buffered solution (pH 6.8). The main blue fraction was collected, and was concentrated under reduced pressure. Subsequently, the blue fraction was put on a Sephadex G-15 column (23 Â 4 cm I.D., fine grade, Amersham Bioscience) to the desalting process, which had been equilibrated with water. The blue fractions were eluted with water, and the desalted blue fractions were collected. The desalted blue fractions were concentrated under reduced pressure, and further purified by size exclusion chromatography on Bio-Gel-P-2 column (75 Â 2 cm, Bio-Rad Laboratories), which had been equilibrated with 1 M NaCl. The desalted blue fractions were eluted with 1 M NaCl, and the main blue fractions (Blue-M1 fraction) were collected. Blue-M1 fractions were desalted twice in the same manner as already described. The blue fractions containing purified Blue-M1 were lyophilized. The chemical structure of Blue-M1 is shown in Fig. 1 .
We first assessed the protective effect of Blue-M1 against AAPH-induced cytotoxicity on COS-1 cells. Cell viability was measured with tetrazolium salt, WST-8 (Cell counting kit-8, DOJINDO, Kumamoto).
COS-1 cells were cultured with Dulbecco's modified Eagle's medium (DMEM, GIBCO, California) suppley To whom correspondence should be addressed. Fax: +81-44-934-7902; E-mail: fumi@isc.meiji.ac.jp
Note mented with 10% fetal bovine serum, 10 U/ml penicillin, and 10 g/ml streptomycin, and kept in a humidified atmosphere containing 5% CO 2 at 37 C. Cells were washed twice with PBS, and suspended in medium at an initial density of 1 Â 10 5 cells/ml. Each 100 l of cell suspension was seeded in a 96-well culture plate (NUNC, Roskilde, Denmark), and cultured at 37 C for 24 h. Then, COS-1 cells were exposed in 50 l of Blue-M1 (0.02, 0.1 and 0.2%) containing medium, and then 50 l of 30 mM AAPH was added. Cells were cultured at 37 C for 24 h, and washed twice with PBS. Cells were exposed in 100 l of medium and 10 l of WST-8 solution was added. Cells were incubated at 37 C for 1 h, and reduction of WST-8 was monitored at 450 nm with a multi-label counter (1420 ARVOsx, Wallac Berthold, Finland). Figure 2 shows the cell viability (% of control, means AE SD) of COS-1 cells. The viability in each 0.01, 0.05, and 0.1% of Blue-M1 was significantly different from 15 mM AAPH on Dunnett's test at p > 0:05. Blue-M1 protected the AAPH-induced cytotoxicity on COS-1 cells, and this effect was dose dependent.
Subsequently, we assessed the protective effect of Blue-M1 for AAPH-induced lipid peroxidation of cell membrane on COS-1 cells. Lipid peroxide of cell membrane was detected with diphenyl-1-pyrenylphosphine (DPPP) reagent. 6, 7) COS-1 cells were seeded in 96-well culture plate at the initial density of 1 Â 10 5 cells/ml, and cultured at 37 C for 24 h. Then, 100 l of 50 M DPPP was added to each well, and incubated at 37 C for 15 min. Cells were washed twice with PBS.
COS-1 cells were exposed in 50 l of Blue-M1 (0.02, 0.1 and 0.2%) containing medium, and then 50 l of 20 mM AAPH was added. Cells were cultured at 37 C for 6 h, and washed twice with PBS. Fluorescence (Ex. 350 nm, Em. 405 nm) was monitored with a multi-label counter. Figure 3 shows AAPH-induced lipid peroxidation of the cell membrane on COS-1 cells with or without Blue-M1. Lipid peroxides in each 0.05% or 0.1% of Blue-M1 was significantly different from that in 10 mM AAPH on Dunnett's test at p > 0:05. Blue-M1 inhibited the AAPH-induced lipid peroxidation of cell membrane on COS-1 cells, and the inhibition was dose-dependent.
This study revealed that the Blue-M1 prevented oxidative stress, including oxidative injury on cell membranes and cell death. The oxidative stress is concerned with various diseases. Therefore, Blue-M1 will be an antioxidant, which protect the oxidative stress in living systems. Data are expressed as the means AE SD (n ¼ 9). The statistical significance of differences was established by one-way analysis of variance (ANOVA) and Dunnett's test. Asterisk represents a significant difference from AAPH at p < 0:05. Data are expressed as the means AE SD (n ¼ 9). The statistical significance of differences was established by one-way analysis of variance (ANOVA) and Dunnett's test. Asterisk represents the significantly different from AAPH at p < 0:05.
